A total of 113 strains of mesophilic strains lactic streptococci of the species Streptococcus lactis, S. lactis subsp. diacetilactis, and S. cremoris, chosen from 291 strains that had been previously classified into six groups on the basis of their sensitivity to 132 virulent phages, were subjected to induction with mitomycin C. Among these strains, 43% produced phages capable of forming plaques of lysis on an indicator strain either spontaneously or after induction. There was a close correlation between the lytic spectra of temperate and virulent phages. Among the strains studied, 25% were shown to be indicator strains. These results emphasized the high probability of development of temperate phages in a starter culture containing mesophilic lactic streptococci and therefore their importance as a cause of accidents in cheese making.
Lactic acid streptococci used as starters have been suspected for a long time (3) to be a possible source of lysogenic phages responsible for certain culture failures during cheese making; for a review, see Lawrence et al. (11) . Knowledge of the lysogenic and indicator strains that allow multiplication of the phages liberated is therefore important in the choice of starter strains.
The problem of lysogeny in lactic streptococci has been reviewed recently (10) . Strains can produce phage particles after induction by UV radiation (6, 7, 9, 13, 14, 17) or by mitomycin C (MC) (7, 18) and sometimes spontaneously (7, 9) . The phages were first recognized by means of the electron microscope (6, 7, 13, 14, 16) and then were revealed by the lysis of indicator strains (9) , but these latter strains appear to occur only rarely (6, 7, 13) .
Lysogeny has been demonstrated in the three species of mesophilic lactic streptococci (Streptococcus lactis, S. lactis subsp. diacetilactis, and S. cremoris). Indicator strains are also present in these species (7, 9) . Lysogenic strains are not very frequent when lysis of indicator strains is used for their detection (7, 9, 13) , whereas a frequency of 50% or more among induced strains may be obtained (7, 16) when the phages are identified only by cellular lysis or with the electron microscope. In a previous paper, one of us (2) separated 291 strains of lactic streptococci from the three species into six groups by using their sensitivity to 132 virulent phages. In the present investigation, we have induced by MC a sample of strains representative of these six lytic groups, and we have revealed the phage particles by the lysis of at least one indicator strain.
MATERIALS AND METHODS
Origin and cultivation of bacterial strains. Previously Chopin et al. (2) separated 291 strains of lactic streptococci into six groups (G1 to G6) on the basis of their phage sensitivity pattern. Of these strains, 82 were resistant to all of the virulent phages used in that work and were designated group R. For the present study, 113 strains representative of all these bacterial groups were chosen. All of the strains in groups containing a few strains (Gl, G2, G4, G5, and G6) were included, whereas of the 121 strains forming group G3, 37 were tested, and of the 82 strains in group R, 21 were represented. Strains belonging to groups G3 and R were chosen on the basis of their phage sensitivity pattern, geographical origin (France or abroad), and the percentage of each species relating to that obtained in the original study (2) .
Successive subcultures of Z109 (group R) in M17 broth, has enabled us to obtain a spontaneous variant, Z109B, sensitive to some temperate phages.
All bacterial strains were stored frozen at -40°C in litmus milk. All subcultures were made during the experiment in M17 broth by using a 2% (vol/vol) inoculum and incubation was at 30°C. Induction of lysogens. After thawing, bacterial strains were subcultured twice in M17 broth. Inocula of 2% (vol/vol) (optical density, 0.05) were then made into 20 ml of M17 broth and divided into two 10-ml samples, which were incubated for 90 min at 30°C (optical density =0.1). MC (Sigma Chemical Co.) was added in a final concentration of 1 ,ug/ml to the assay tube; the other tube served as a control. Incubation was continued for 3 h at 30°C. The tubes were then centrifuged (4,000 x g, 10 G4 , G5, and G6, whereas the percentage of indicator strains was relatively high in the other groups (group Gl, 16%, 2 of 12 strains; group G2, 43%, 9 of 21 strains; group G3, 43%, 16 of 37 strains).
The breadth of the spectrum of sensitivity of these strains was very variable (Tables 1 and 2 ). All of the group Gl and G2 strains and the majority of group G3 indicator strains were sensitive to a small number of phages-15 (one phage), 6 (two phages), and 1 (five phages). There were strains in group G3, however, that had a wide spectrum of sensitivity-five strains (7 to 13 phages). Strain Z109B was an indicator for phages produced by strains of both groups GI and G2. It was sensitive to 21 temperate phages and showed very low phage titers (1 x 101 to 5 x 102 PFU/ml), but also very high levels (up to 4 x 107 PFU/ml). The spectrum of sensitivity was widened by increasing the titer of the primary lysate up to 107 PFU/ml with an ultracentrifuge (4Z105). On the other hand, the same experiment was negative with the primary concentrated lysate (up to 7 x 107 PFU/ml) of kA119 ( Table 1) . The titer for a given lysate varied greatly with the indicator strain (Table 3 ); e.g., from 1 x 101 to 6.8 x 108 PFU/ml could be counted with the lysate of strain A153.
Comparative sensitivity of strains to temperate and virulent phages. Strains that were very sensitive to virulent phages were not necessarily sensitive to temperate phages, and vice versa. Thus, a strain that was sensitive to a large number of virulent phages, e.g., strain A83, (45 phages of 132 tested) was only sensitive to one temperate phage, whereas strains that were sensitive to medium number of virulent phages (e.g., A45 and Z146) (2) were indicators for a large number of temperate phages (14 and 13, respectively, of the 49 observed). On the other hand, strain A57 was sensitive to a large number of virulent and temperate phages (42 and 9, respectively). These temperate phages gave titers higher than 5 x 105 PFU/ml, reaching 6.8 x 108 PFU/ml on strain A57.
Appearance on plaques of lysis. The majority (54%) of the lytic reactions observed appeared as turbid plaques (diameter, 0.2 to 3 mm), whereas 36% showed clear plaques (diameter, 0.2 to 4 mm), sometimes with an indistinct edge or a halo, and 10% showed very small turbid plaques that were visible only when they were numerous and that were impossible to count.
Spontaneous and MC induction. The phage titer after spontaneous induction varied greatly between strains and depended on the indicator strain employed. The percentage distribution of the results of phage titers obtained was as follows: 49%, <10 PFU/ml; 16%, 10 to 102 PFU/ ml; 23%, 102 to 104 PFU/ml; 8.6%, 104 to 106 PFU/ml; 3.8%, >106 PFU/ml. After induction with MC, the titer of the phages in 90% of cases was multiplied by a factor of 101 to 103. However, it must be remarked that in 2% of the cases, this factor was 106. The highest titer after induction, which was with MC, was 6.8 x 108 PFU/ml Table 4 . Lytic sensitivity pattern of strains Z109 and Z109B. To measure the possible heterogeneity of Z109 and Z109B, we had isolated five clones for each strain: Z109.1 to Z109.5 and Z109B.1 to Z109B.5. These clones and the two original strains were typed with four temperate phages ( Table 5) . Strain Z109B and all its clones (Z109B.1 to Z109B.5) were sensitive to phages. Four of the five substrains of strain Z109 were resistant to the same phages. Plaques of lysis were clearly visible (ca. 10 PFU/ml) on plates of the sensitive substrain Z109B. The original strain (Z103), which was heterogeneous, showed turbid plaques that were difficult to count (ca. 50 PFU/ml at the dilution 10-5). At the lowest dilutions, a continuous lawn of bacteria made it impossible to observe lysis, thus explaining the fact that strain Z109 was originally classified in group R (2). Phage adsorption. The results from adsorption experiments carried out with cells of groups Gl, G2, G3, and R and temperate phages of the same groups are given in Table 6 . There was a lowpercentage adsorption (ca. 30%) in all cases. Temperate phages belonging to groups Gl and G2 adsorbed on all of the strains tested in group G3. DISCUSSION The frequency of lysogeny has been determined among a representative sample of strains from the collection of mesophilic lactic acid streptococci previously classed into six lytic groups on the basis of their sensitivity to a group of virulent phages (2). After induction by MC, temperate phages are revealed by examination of plaques of lysis on at least one indicator strain.
In accordance with the method of detection employed, we have not tried to distinguish between lysogeny and pseudolysogeny (1) . It has been shown that there was a large proportion of lysogenic strains (43%) among the mesophilic lactic acid streptococci studied. Others authors, using the same criteria, have only found 3 to 11% (7, 9, 13, 15) . The fact that there were no lysogenic strains in groups G4, G5, and G6 perhaps only reflects the small size of the sample and the absence of an indicator strain specific to these groups. Group R, defined only by its resistance to all of the lytic phages used (2), contains 33% lysogenic strains, however, and so may be linked to group G3 through five strains and to group G2 through another two strains.
In fact, the actual frequency of lysogeny in these strains should be much higher since (i) the The proportion of lysogenic strains observed in lactic streptococci examined here is quite comparable to the original proportion of these species inside the groups already defined and in the entire population chosen (for this study). In other words, the presence of lysogeny does not seem to characterize any one species preferentially.
As we had expected, there was a narrow specificity in the lytic reaction between the temperate phage and the bacterium. All of the temperate phages arising from group G3 strains were able to lyse group G3 strains and only these strains. This specificity also characterizes certain phages arising from group G1 and G2 strains. However, the indicator strain, Z109B, is sensitive to both group Gl and G2 temperate phages. Strain Z109, classified in group R, has been shown to be heterogeneous with regard to its sensitivity to phages. This variability of lactic acid streptococci has been studied thoroughly by Limsowtin et al. (12) , in particular in strains growing on medium M17. Strain Z109 has been shown to be sensitive to a high concentration of virulent phage 160 (2; M. C. Chopin, unpublished data), confirming that this strain belongs to group G2 and that the strains of groups Gl and G2 are related through their lytic spectra. The existence of an intermediate strain between two lytic groups has already been shown for group G3 and G6 strains by means of virulent phages (2) .
It may be remarked that the variation of the original strain Z109 toward strain Z109B consists of a loss of resistance to virulent phages with the simultaneous acquisition of sensitivity to temperate phages. Comparable examples ex- (2) . The inability of a temperate phage to multiply on certain strains of its own or a different lytic group is sometimes due to the resistance of these strains to the adsorption of the phage. However, strains insensitive to lysis were sensitive to adsorption in a manner similar to that shown by sensitive strains. The blockage occurred during a later stage of the development of the phage.
Therefore, distribution into lytic groups only partially depends on the specificity of the adsorption. On the other hand, the speed of adsorption of the temperate phages studied generally appears to be slower than that of the virulent phages. However, virulent phages may sometimes be adsorbed slowly (M. C. Chopin, unpublished data).
The spontaneous liberation of temperate phages by the cells of mesophilic lactic acid streptococci has already been established for a strain of S. lactis and for three strains of S. cremoris (9) , but other authors were unable to demonstrate this in 50 S. lactis strains isolated from raw milk (6) , probably in the absence of indicator strains. The maximum production reported is 2 x 104 phages per ml on a commercial medium (PRM, phage-resistant medium) (7) .
Spontaneous production of phages appears to be very frequent in the selection of strains employed in this study (25.6% of the strains tested). This frequency is probably still underestimated because many indicator strains are little sensitive, and results should be verified by electron microscopical examination of the lysates. Other results were obtained after 10 min of adsorption.
Spontaneous liberation of phages was often very intense and could be greater than 106 phage particles per ml.
Phage production induced by MC, under the standard conditions chosen, rarely exceeded 6 x 108 phage particles per ml (Table 4 ). The level of induction, defined as the ratio between the efficiency of plating after induction and the efficiency of spontaneous phage production, depends on (i) the level of spontaneous phage production, i.e., strains giving a high level of spontaneous lysis show a lower level of induction than strains giving a weak spontaneous lysis, and (ii) the sensitivity of the indicator strain, e.g., the lysate of strain Z377, where the efficiency of plating varies between three different indicator strains. Certain strains (e.g., Z258) do not appear to be susceptible to induction under the standard conditions (Table 4) .
The absence of indicator strains has complicated the study of the temperate phages of lactic acid streptococci for a long time (11, 14, 16) . Kozak et al. (9) demonstrated the presence of at least 21% indicator strains in a sample of 87 strains belonging to the three species at the maximum dilution of the lysates (10-3). New Zealand authors observed a much smaller frequency, in the region of 10% (3 of 29 strains) (13) and 8% (4 of 50 strains) (6) .
The results of the present study are more nearly comparable to those of Kozak et al. (9) , since a frequency of 25% was observed over a total of 113 strains.
The indicator strains recognized here, show a certain number of characteristics; (i) the spectrum of their sensitivity is generally narrow (1 to 2 phages), although sometimes it is wide (8 to 14 phages), (ii) the efficiency of phage production (efficiency of plating) can vary considerably for a given lysate action on different indicator strains, (iii) the majority of indicator strains are lysogenic (group G3, 9 of 16 strains; group G2, 4 of 9 strains; group G1, 2 of 2 strains).
The presence in a strain of one (or perhaps several) temperate phage (5) does not interfere (or interferes only slightly) with the lytic production of another phage of the same group. Three of the four group G3 indicator strains having a wide spectrum were lysogenic (Tables 2 and 4) . However, it is not impossible to imagine that such strains are the best indicators when their prophage(s) have been eliminated, and the distribution of indicator strains between the 3 species appear to be almost identical to that occurring within groups G1 to G3.
To conclude, it has been shown that the majority of the collection of 113 strains of mesophilic lactic streptococci classed on the basis of their sensitivity to virulent phages (2) are lysogenic, and that the temperate phages produced spontaneously or after induction by MC belong to the same sensitivity groups as the virulent phages characterizing the groups of Chopin et al. (2) . This correlation between temperate and virulent phages through their lytic spectrum confirms the hypothesis of Lawrence et al. (11) and corroborates the morphological similarities established between these phage types (7, 19) . It may therefore be said that temperate phages really appear to form a reservoir or a source of virulent phages, capable of lysing sensitive strains after mutation to gain virulence. It is even possible, given the intensity of spontaneous production of certain temperate phages and the possible multiplication of these phages on other strains in a starter, that temperate phages may be a cause of accidents in cheese making.
